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SOME RELATIONSHIPS OF CHEMISTRY 
AND LIFEi 

About the middle of last century Hux- 
ley and his co-workers clearly recognized 
the place of science in education, and the re- 
lation of both to life, and urged upon the 
world the necessity of scientific knowledge. 
Meanwhile, the schools and colleges have 
tried the experiment and have been con- 
vinced, but it has taken the present war 
with its terrible toll of death and destruc- 
tion to focus the attention of the masses in 
a way which a century of reasoning has 
failed to do. This is not the place to dis- 
cuss either of these experiences in detail, 
and I shall content myself by giving the 
conclusions of one competent witness who 
has watched the entire progress of the ex- 
periment. 

After more than fifty years of continu- 
ous study of the education problem, Ex- 
President Eliot, of Harvard, concludes that 
the present generation is characterized by 
two strong desires. The first is a desire for 
a sound knowledge of the facts, and the 
second is an intense desire to be of service 
to mankind. If these conclusions are well 
founded, education must provide for their 
realization if it is to be successful in the 
broadest sense. This program, of course, 
is but another way of stating the scriptural 
text, "Know the truth, and the truth shall 
make you free." For the purpose of this 
address no better text could be found, for 
these words sum up as clearly as can be 
done the place of the scientific method in 
the learning process, and the relation of 
science to life as a whole. 

i Address delivered on the occasion of the dedi- 
cation of the chemical laboratory of the University 
of Oklahoma, January 26, 1917. 
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The necessity of realizing these relation- 
ships in everyday life has been persistently 
urged for two generations by men of sci- 
ence, but it has taken the present world 
crisis and its consequent interruption of 
our commercial relations to show how much 
more should have been done. The pre- 
paredness programs of this and other na- 
tions, as well as the utterances of thought- 
ful men in responsible positions in various 
walks of life, bids us hope that the lesson 
has now, in a measure, been learned. In 
a recent address before the British Associa- 
tion for the Advancement of Science an 
able chemist says: 

The press bears witness through the appearance 
of innumerable articles and letters that the people 
of this country have begun to perceive the dangers 
that will inevitably result from a continuance of 
their former attitude, and to understand that in 
peace, as in war, civilization is at a tremendous 
disadvantage in the struggle for existence unless 
armed by science; and that the future prosperity 
of this empire is ultimately dependent on the prog- 
ress of seience and very especially of chemistry. 
If, as one result of the war, our people are led to 
appreciate the value of scientific work, then per- 
haps we shall not have paid too high a price. 
(The same view has been expressed by many emi- 
nent American chemists.) 

A similar note of warning is sounded by 
a continental writer in discussing the ques- 
tion of whether we shall have a precarious 
or a lasting peace. He says : 

It would be a dangerous mistake to suppose that 
any readjustment of frontiers could afford a suffi- 
cient guarantee for future peace, or that war in- 
demnities, protective tariffs and the like eould 
oblige the peace-breakers to renounce their 
schemes. ... At the future (peace) congress, 
among the seats reserved for the delegates of the 
Great Powers, one seat should remain vacant, as 
reserved to the greatest, the most redoubtable, 
though the youngest of Powers: Science in scarlet 
robes. 2 

Before taking up a discussion of the re- 
lationship of chemistry and life, it may be 

2 Eeinach, S., Nation, June 15, 1916. 



worth while to inquire as to the general 
attitude of the public toward the work of 
the chemist. If you ask the first person 
you meet, or if you get the opinion of the 
newspaper man or other influential citizen, 
about the work of the chemist, he is apt to 
tell you that the chemist is a man who can 
analyze substances, and detect falsification 
in them ; but he is not likely to tell you that 
the chemist has any important relationship 
to the commercial development of the enter- 
prise in question. How many in this audi- 
ence, for example, think of the chemist 
when they pour their "Karo" on their hot 
cakes at breakfast, when they read the 
headlines of the daily paper and learn that 
a wireless message has been flashed across 
the ocean; when they step into an automo- 
bile to start the day's work, or when, the 
work completed, they while away the time 
of the evening watching the screen in some 
motion picture show? Nevertheless, in the 
successful working out of each of these the 
chemist has played an important and, in 
some cases, a vital part, but I have not time 
here to give particulars. 

Let me give you a concrete example of 
what I mean. Whenever one thinks of the 
Panama Canal one's thoughts turn at once 
to the chief engineer, Col. Goethals. He is 
the one to receive the medals, the honorary 
degrees, the thanks of Congress, the pro- 
motion to higher rank in the army, and 
finally to be named governor of the Canal 
Zone. Do not misunderstand me : I am not 
complaining of this recognition of the 
man's undoubted merit, because Goethals 
was unquestionably the moving spirit in 
the undertaking, and certainly worthy of 
all the honors that have come to him. But 
when we come to survey the case a little 
more closely, we see that there are at least 
three other factors for neither of which 
Goethals was personally responsible, but 
without the support of any one of which he 



Mat 25, 1917] 



SCIENCE 



491 



would have been absolutely helpless. The 
first of these is the health of the laborers. 
The French undertook to build the canal 
years ago, and while their failure was 
brought about by several causes perhaps 
one of the most important was the fact that 
the men could not live in that part of the 
world and retain their health. Yellow 
fever and malaria were everywhere, and it 
was but a matter of time when one must be 
attacked by one or both of these infections. 
It has been stated that the building of the 
railroad across the Isthmus meant the death 
of a man for every tie that was laid. But 
man can live in Panama now with perfect 
safety, so far as yellow fever is concerned, 
and this is due entirely to discoveries with 
which Col. Goethals had nothing to do. 
Dr. Gorgas was in immediate charge of the 
work of sanitation, but it was kerosene, the 
product of the chemist, which was sprayed 
on the stagnant pools, and which checked 
the development of the mosquito. 

In the second place, the penetration of 
Culebra, as well as the remainder of the 
blasting necessary, would have been impos- 
sible without the powerful explosives of the 
chemist. The gun-powder, dynamite, blast- 
ing gelatin and similar substances are all 
products of the chemical laboratory. 

In the third place, let us suppose that 
the development of the mosquitoes has been 
checked, that Culebra has been pierced' — 
the work is only half done. It is necessary 
to control the level of water in the canal, 
and this, under the conditions imposed, can 
be done in only one way, namely, by the 
construction of locks and dams. For these 
some material stronger than wood and less 
easily corroded and destroyed than iron 
must be used, and this is found in the chem- 
ist 's cement. As is well known, thousands 
of barrels of this material were used in the 
work. 

Finally, when the canal is complete and 



ships are passing back and forth through 
it, there is comparatively little safety until 
it has been fortified. The chemist's powder 
and steel must stand guard over it as they 
do over every treasure we own, or we should 
not be able to retain it as a national posses- 
sion. 

Cases of this kind could be multiplied 
indefinitely, but I must not take your time 
to do so. On the other hand, the Panama 
Canal is so remote that many persons do 
not think of it as having any bearing what- 
ever on their daily lives. But the question 
of food and war munitions at this time can 
hardly be misunderstood by any, and it re- 
mains merely to show the relations of chem- 
istry to these to convince the most indiffer- 
ent. A detailed discussion of even these 
would tax your patience, I fear, therefore I 
shall limit myself to the consideration of a 
single element, viz., nitrogen. 

It has long since been proved that nitro- 
gen is an essential constituent of the food 
of all living beings, and that, in general, it 
may not be assimilated if taken directly 
from the air where it is present in the free 
form. It must be combined with one or 
more other elements. As one begins the 
study of nitrogen in a chemical laboratory, 
he finds what at first sight appears to be a 
relatively uninteresting element. It has 
neither color, odor nor taste, is but slightly 
soluble in water, and does not readily com- 
bine directly with other elements. But in 
combination it is a constituent of many dif- 
ferent substances of the most varied char- 
acters. It is present in some of the most 
delicate of perfumes as well in substances 
whose odors suggest utter vileness. It is a 
constituent of various fibers (wool, silk, 
artificial silk) used in our clothing, and 
also of the aniline dyes which enhance their 
beauty and value. It is present in the most 
potent of medicines and in the most deadly 
poisons. As gunpowder it drives our bul- 
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lets, as dynamite it explodes our mines, and 
as cyanide it extracts our gold. Under the 
general name of protein it is an indispen- 
sable element of animal food, and as animal 
waste, it is returned to the soil as food for 
plants. Thus, nitrogen not only gives life, 
health and prosperity, but it is the most 
terrible element of death and destruction 
known to modern warfare. 

In considering nitrogen as an element of 
food, we may note in passing that the nor- 
mal adult human body requires a certain 
amount of the element every 24 hours, and 
that this must be supplied in the form of 
meat, eggs and various vegetables, all of 
which are either directly or indirectly prod- 
ucts of the soil. Now, every one knows that 
continual cropping causes a soil to become 
poor, and chemical analysis shows that the 
change is due, in part, to the loss of nitro- 
gen. Fertilizers are applied to the land to 
increase the yield. 

The problem will become clearer if we 
take another view. There was a time when 
fewer people lived in cities, and when this 
depletion of the soil was largely restored by 
the refuse from farm animals and even 
from man himself, from which it follows 
that the greater portion of the nitrogen re- 
moved as food for animals was returned to 
the soil in some other form available for 
plant growth. 

We may next consider the complications 
that arise in dealing with such aggregates 
of population as our large cities. Suste- 
nance must still be drawn from the soil, and 
since nitrogenous waste is no longer re- 
turned to the land it is clear that the latter 
is continually being depleted. A single ex- 
ample will illustrate the point. The sewage 
of the city of London has an estimated an- 
nual value of $100,000,000 as fertilizer, and 
that of any other city would represent an 
amount corresponding to its population. 
These drains, of course, must in some way 
be accounted for if the soil is to continue to 



produce. What, now, has science done to 
relieve the situation ? 

When chemical analyses of soils and 
crops had clearly defined the problem and 
had told the story of nitrogen, a search was 
made for some material that could supply 
the deficit. First, natural guano, as it is 
called, deposits consisting largely of the 
dried excrements of birds, and found in 
such arid districts as Peru, was obtained in 
as large quantities as possible. But mate- 
rial of this kind was limited in amount and 
is now practically exhausted. 

Next, the chemist saw that the waste 
liquors of the gas works contained combined 
nitrogen that could serve as plant food, and 
we are now using in the United States $20,- 
000,000 worth of ammonium sulphate as 
fertilizer per year. This, again, is limited 
because in this country about 80 per cent, 
of the coke is made in the wasteful "bee- 
hive ' ' oven in which the vapors are simply 
burned on the spot. The ammonium sul- 
phate derivable from those vapors in 1911 
could have been sold for $24,000,000, to say 
nothing of the other compounds present. 
But gas plants can not be operated econom- 
ically for the ammonium sulphate alone, 
and our coal beds are not inexhaustible, 
which shows that some other nitrogen sup- 
ply must be found. 

The third source of plant nitrogen is the 
Chile saltpeter bed, from which millions of 
tons of sodium nitrate have been taken as 
fertilizer to different parts of the world. 
This supply, also, is limited. Indeed, con- 
servative estimates indicate that the depos- 
its will be exhausted within a relatively 
short time, which means that man must 
solve the nitrogen problem in some other 
way, or he must eventually starve. The 
necessity for research in this field has been 
urged for many years, and it is now in 
order to ask what chemistry has done to re- 
lieve the situation. 

It has already been stated that nitrogen 
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does not readily combine with other ele- 
ments, and that animals and plants, with 
very few exceptions, can not use free nitro- 
gen as food. But the free form is plentiful, 
since it makes up about four fifths of the 
atmosphere, while the greater portion of 
the remainder is oxygen. The specific prob- 
lem, then, is to cause those two gases to 
unite, or to find some other way of "fix- 
ing" the nitrogen. This has been accom- 
plished, and while the history of the com- 
mercial process now in use is full of interest, 
it must be passed here with mere mention. 
It should be noted in passing that Caven- 
dish, an English chemist, showed as early 
as 1785 that nitrogen and oxygen could be 
made to unite under the influence of the 
electric spark, and that the product would 
react with water to give nitric acid. At 
that day, however, electricity was regarded 
as a mere toy, and no one dreamed of the 
possibilities locked up in that interesting 
though, to the average person, seemingly 
useless, laboratory experiment. 

In 1898, Sir "Wm. Crookes aroused inter- 
est in this problem again by calling atten- 
tion to the future exhaustion of the Chile 
saltpeter beds, and urged a study of meth- 
ods for fixation of nitrogen. In 1902, Brad- 
ley and Lovejoy, two American chemists, 
published an account of the commercial ap- 
plication of the Cavendish experiment men- 
tioned above, while to-day the manufacture 
of nitric acid by that process in Norway is 
a business in which more than $30,000,000 
is invested. Immense sums have been spent 
in its development in Germany and else- 
where. 

At present, the manufacture of calcium 
carbide, so largely used in the production 
of acetylene for lighting and heating pur- 
poses, offers an important method for fix- 
ing nitrogen. The manufacture of the car- 
bide was begun in this country several 
years ago and is now one of the leading in- 
dustries of Niagara Falls. Frank and 



Caro, German chemists, found that the car- 
bide could be made to combine with nitro- 
gen in such a way as to produce a valuable 
fertilizer. The nitrogen it contains can 
readily be converted into ammonia, and 
from the latter nitric acid can be prepared. 
As a matter of fact the Germans are now 
producing 600,000 tons of the carbide an- 
nually in order to supply, through the re- 
actions indicated, the nitric acid required 
to make explosives for the war. 

In this brief and superficial fashion, I 
have tried to make it clear that the pre- 
paredness which the nations demand is two- 
fold — agricultural as well as military — and 
that, in essence, both are largely chemical. 
Cheap fertilizer must be furnished in times 
of peace, and nitric acid and other materials 
for explosives in times of war. So much 
for the formulation of the demand. The 
real problem is to furnish the means by 
which this program can be successfully 
carried through. 

So far as the chemical part of the pro- 
gram is concerned, two specific require- 
ments must be met. First, there must be 
adequate training in the fundamentals of 
chemistry, and second, there must be op- 
portunity for chemical research. The first 
is conceded by everybody, but many highly 
intelligent educated people do not under- 
stand research, and therefore call it theo- 
retical and impractical. The cry is for ap- 
plied science, for something practical. 
They fail to recognize the fact that there 
can be no applied science until there is 
science to apply. It is not strange that 
Huxley, with his extraordinary precision 
of thought and remarkable command of 
language, long ago pointed out that what 
people call applied science is nothing more 
than the application of the methods of pure 
science to particular classes of problems. 
Some one must patiently and laboriously 
determine the facts and formulate the prin- 
ciples before there can be any commercial 
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application of them ; and, whether we recog- 
nize it or not, the world is waiting on the 
research worker. 

If time were available it would be easy 
to show that practically all the great com- 
mercial successes rest upon principles for- 
mulated by research workers who, in many 
cases, labored solely for the love of truth, 
without any expectation that their work 
would immediately benefit mankind. But 
no one can tell at what instant some such 
observation may become of immense impor- 
tance. I beg your indulgence to call atten- 
tion to a few cases. Was Rontgen thinking 
of the extraction of bullets, the reduction 
of dislocated limbs or the setting of broken 
bones when he discovered the X-rays f By 
no means. Or Helmholtz, did he have in 
mind the prevention and cure of eye dis- 
eases when he worked out the principle of 
the ophthalmoscope? Not at all. Was 
Cavendish, to whom I have already re- 
ferred, thinking of providing food and war 
munitions for the future when, 132 years 
ago, he read before the Royal Society his 
paper on the fixation of nitrogen ? I think 
not. No one will doubt the great practical 
value to the human race of Pasteur's re- 
searches, but it is proper to point out here 
that he began by the study of the asym- 
metry of crystals, and that he became a 
bacteriologist through his attempts to dis- 
prove the doctrine of spontaneous genera- 
tion. Scores of cases could be cited to il- 
lustrate the point, but the lesson is, learn 
the facts, and the applications will be forth- 
coming. 

The expenditure of public money for the 
erection of the splendid building we are as- 
sembled to dedicate is an expression of con- 
tinued confidence in the leaders in charge 
of our educational interests, and a pledge 
that the necessary equipment for the future 
shall be provided. 

It is a pleasure to me to come here to-day 
and have a part in the dedication, not 



merely because of my interest in the edu- 
cational welfare of our state, as a whole, 
but more particularly because of the oppor- 
tunity it gives to emphasize the claim of 
science in general and chemistry particu- 
larly in connection with the problems now 
confronting the world. Interest in the 
study of chemistry has been steadily in- 
creasing for many years, but its importance 
has been emphasized by the war in a way 
that could not have been done otherwise. 
The University of Oklahoma is to be most 
heartily congratulated on having completed 
at this time a laboratory so carefully 
planned and so well equipped, as well as 
upon the work of its department of chemis- 
try in the past. With the extra space and 
facilities offered by the new building, both 
the university and the state may confidently 
look forward to greater things in the future. 
L. Chas. Raiford 
Oklahoma Agricultural and 
Mechanical College 



SCIENTIFIC EVENTS 

ENGLISH VITAL STATISTICS 

The annual report of the registrar-general 
on births, deaths and marriages in England 
and Wales for 1915, as summarized in the 
London Times, is remarkable for the number 
of previous " records " which are broken. 
Thus the marriage rate was the highest on 
record; the birth rate the lowest on record; 
the death rate from typhoid fever was the 
lowest on record; that from influenza the high- 
est since 1900; and that from measles the 
highest since 1896. Again, the age rates of 
bachelors marrying spinsters and spinsters 
marrying bachelors were both the highest on 
record. Finally, the increase of boy babies 
over girl babies from July, 1915, to June, 1916, 
was the highest on record for 50 years. The 
estimated infant mortality rate for 1916 is 
the lowest on record. 

The marriage rate was 19.5 per 1,000, being 
3.6 above the rate in 1914. The provisional 
figures for 1916, however, indicate that what 
has been described as the "boom" in marri- 



